(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

20.03.1996 Bulletin 1996/12 



(H) EP 0 702 167 A1 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : F16H 35/10, F16D 7/00 



(21) Application number: 95114473.2 

(22) Date of filing: 14.09.1995 



(84) Designated Contracting States: 
DE GB IT 

(30) Priority: 14.09.1994 JP 219693/94 

16.09.1994 JP 221697/94 

08.03.1995 JP 48038/95 
20.04.1995 JP 95220/95 

(71) Applicant: NIPPONDENSO CO., LTD. 
Kariya-city Aichi-pref., 448 (JP) 

(72) Inventors: 

• Kishibuchi, Akira 
Nagoya-shi, Aichi (JP) 



• Okuda, Kiyomi 
Kariya-shi, Aichi (JP) 

• Toyama, Junichi 
Nagoya-shi, Aichi (JP) 

• Takahara, Yasuo 
Anjo-shi, Aichi (JP) 

• Oyobe, Kazuo 
Toyoake-shi, Aichi (JP) 

(74) Representative: Klingseisen, Franz, DipWng. et al 
Patentanwalte, 
Dr. F. Zumstein, 
Dipl.-lng. F. KJingseisen, 
Postfach1015 61 
D-80089 Munchen (DE) 



CD 

CM 
O 

o 

Q. 

LU 



(54) A device for transmitting rotational power 

(57) A device for transmitting rotational power from 
a rotational power source to a rotational driven member 
is provided with a first rotating member provided for rota- 
tion in a rotational direction about an axis, and a second 
rotating member provided for rotation about the same 
axis. The first rotating member (1) is connected to the 
rotational power source and the second rotating member 
is connected to the rotational driven member (2). An 
mechanism for rotationally connecting the first and sec- 
ond rotating member is provided. The connecting mech- 
anism is provided with at least one elastic member (7), 
made of a rubber material; a first holder member (13) for' 
holding the elastic member from the radially outside of 
the elastic member; and a second holder member (6) for 
holding the elastic member from the radially inside of the 
elastic member. The first and second holder members 
are mounted to one of the first and second rotating mem- 
bers. Thefirstand second holder members radially coop- 
erate with each other to drcurnferentialiy hold the at least 
one elastic member during normal operation to transmit 
the rotation. The first and second holder members are 
disconnected by the deformation of the at least one elas- 
tic member when a relative rotation between the first and 
second rotating members occurs. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



rotation of the compressor and a controller for the device 
must be provided, which again increases the production 
. cost. 

. 5 SUMMARY OF THE INVENTION 



The invention relates to a device for, transmitting 
rotational power from.a rotational power source such.as 
an automobile engine to a rotational driven device such 
as a refrigerant compressor for.an ^air conditioner. The w 
device can rotational! y separate the driven device from 
the rotational power, source when a torque transmitted 
exceeds. a predetermined value; that is. the device func- 
tions as a torque limrter. 



2. Description of the Related Art 
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Japanese - Examined .Utility Model Publication. 
(Kbkokuj ^0^6-14104 /describes a rotational power 
transmission device which has a torque limiting function^ . 20 
The, : device comprises a drive member which is con- 
nected : tq ,the -crank shaft of . an automobile ^engine 
through* belt, a driven member -which. is connected to, 
a shaft of a compressor, and a connecting mechanism 
between the drive.and driven -members. >which mecha- 25 
nism is provided with levers of rigid material and a spring 
which is made of a metallic material, in the form of a ring, 
which engages the lexers. The drive member is rotation^ 
ally connected to the driven member by the engagement 
between the levers and the spring. : 30 

. When the drive shaft of the compressor is locked by 
a failure such as seizing in the compressor and the 
torque on the connecting mechanism exceeds a prede- 
termined level, the drive ievers apply a force on the spring 
to deform the.spring..;^ dis- 35 

connects the . engagement: between the levers and the 
spring. ... 

.. Jhepriorart transmission devjce, 

however, : cannot absorb ^ i fluctuation in^ the t^ 
applied to.the device since a metallic spnng is used to 40 
connect the clriye member : tb the driven merrier. There r 
fore.. in. order to absprba ; fluctuation in torque;. an addi- 
tional device ..must be, provided.,, which : increases the. 
production, a)st, rjr „ r:;ilj ^ r . ! rr^U" - '. ' * t / v 

^M^er-an air .^ 45 
mqbije wrrprises , a <^i^r^pr ? ior/ 
refrigerant gas. The. <»rrpressor. is connected ...to the 
crankshaft of fte^Ltoi^ile. engine^ . 
m^gnegc dirtcha^ Mte.^e belt^ 
deyices, isu^aslan ^^r^tor^and^a yvater jimp, ( tpithe : ; so 
eng^nje . ^^^ such as seizing in the compressor 
occurs and the <^rjye.s)iaft d 
the belts are yvorn and broken so thatthe other devices , 
cannot . operate, TT^ r >€wiiiti ; in r the ^automobile engine . 
stpBping.. ^ _ i;s , £ .j, 3 . fs . \ ,~! v . -i , :; ; ..». ., :r 55 

. ln : qrder to.pwem,tr^ rotation! 
of the <x)mpressor is detected in order id deenergize the . 
el^o-m^gnetic ..dut^ '.whence rotaipn k of the com-, 
pressor is reduced. However, a device fordetecting the 



The invention is directed to solve the above prob- 
lems, and the objective of the invention is to provide a 
rotational power transmission device with a torque limit- 
ing function which can absorb a fluctuation in torque. 

Further, the objective of the invention is to provide 
an air conditioning apparatus which comprises the rota- 
tional power transmission device. 

Further, the objective of the invention is to provide 
an electro-magnetic clutch with a torque limiting function. 

Further, the objective of the invention is-to provide 
an air conditioning apparatus which comprises the elec- 
tro-magnetic dutch. 

According to the invention, there is provided a device 
for transmitting rotational power from a rotational power 
source to a rotational driven member. The device com- 
prises a first rotating member provided for rotation in a 
rotational direction about an axis, and a second rotating 
member provided for. rotation about the axis. The first 
rotating member is connected to the rotational power . 
source and the second rotating member is connected to 
the rotational driven member. A means for rotationally 
connecting the first and second rotating member is pro- 
vided. The connecting means comprises at least one 
elastic member made of a rubber material; a first holder 
member for holding the elastic member from the radially 
outside of the elastic member; and a second holder 
member for holding the elastic member from the radially 
inside of the elastic member. The first and second holder 
members are mounted to one of the first and second 
rotating members. The first and second holder members 
radially cooperate with each other to circumferentially 
hold the at least one elastic member during normal oper- 
ation to transmit the rotation. The first and second holder 
members, are disconnected by the deformation of the at 
least one elastic member when a relative rotation 
between the first and second rotating members occurs. 

The elastic member of a rubber material can absorb 
a fluctuation in the torque on the device. 

According to the preferred embodiment of the inven- 
tion, the elastic member comprises a plurality of cylindri- 
cal members. The elastic members are mounted to the 
second or first rotating member, to which. ..the.hokJer , 
members are not mounted, by pins secured to the rotat- 
ing member, the. first holder member comprises a plu- 
rality pUirst arm members which extends substantially 
drcumferentially. The first arm members have first ends 
toward the rotational, direction and second, opposite 
ends. The first arm members are equally spaced along 
a drde about the axis to hold the elastic members from 
the radially outside thereof. The second holder-member 
also comprises a plurality of second arm members which 
extend substantially drcumferentially The second arm 
members have first ends toward the rotational direction 
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and second opposite ends. The second arm members 
are arranged along a circle about the axis to hold the 
elastic members from the radially inside thereof. Further, 
the second arm members are radially aligned to the 
respective first arm members to positively engage the 5 
respective cylindrical members with the first arm mem- 
bers. 

* The cylindrical members may be mounted to the first 
rotational member: In this case, the first ends of the first 
and second arm members are separated by a distance 10 
smaller than the diameter of the cylindrical members to 
provide first openings; arid the' second ends of the first 
and second arm members are' separated by a distance 
longer than the diameter of the cylindrical members to 
provide second openings: The cylindrical members are is 
released from the aligned first and second arm members 
thrdugh^the:first J openings by an elastic deformation 
thereof to disconnect the positive engagements when a 
relative - rotation between 'the first and second rotating 
members occurs/ " 20 

"Preferably, - the first %id second-arm members 
include 'extension r portions which extend from the first 
ends while forming rounded corners between the first 
ends iand the extension portions. The rounded corners 
facilitate the release of the cylindrical members through - 25 
the : first opening which prevents wear and tear on the 
cylindrical members. - v 

■On the other hand; in case that the cylindrical mem- 
bers are mounted to the second rotational member, the 
first ends of the first and second arni i members are sep- 30 
arated by a distance loriger than the diameter of the cylin- 
drical members to provide first openings, and the second 
ends of the first and second arm members being sepa- 
rated by a [distance smaller than the diameter of the cylin- 
drical 'members to provide second openings. The 35 
cylindrical members are released from the aligned first 
and second aim members through the second openings 
by ^elastic deforrri&tibn bf the cylindrical members to 
disdohriect^the positive engagements when a relative 

rotation betwisen the f irst and second rotating members <o 

occurs^; svuw- r. * -• ..r-, 

-Preferably; *1he ifirsf;anb second arm members 
indude^ext^ibh ^rtioh^ which extend from the second 
ends while forming rdurfl^'corhers bet^ the second 
ends and the dxtereidn poAdns;^ rounded corners 45 
fadltet^the'release the cylindrical members through 
the second opening which 'prevents wear and tear on the 
cyRr«ri<^merYi>er^ c ^ .wnnw ™.» : . v. v v 

; ^ciwdihg another embodiment; the elastic member 
arkF*he £ fir& j 'a^ 50 
forrn^ -ir^ 

mounted tbtherfirst rotating member to engage the outer 
peh^h^dftee^^ 

member^ mbGried ttf the second rotating member to 
eriga^-th£ r ^ bfthe elastic 'member.The 55 

firS^sea^ ' 
sh^ltfjydvkJe^^^ 

<firec^?11ie eti^ includes aperipheral 

shape- subste peripheral 



shape of the first and second holder members to provide 
a positive engagement therebetween. 

Preferably, the peripheral shapes are constructed by 
a plurality of outwardly convex and concave portions 
alternatively arranged along at least the outer or inner 
periphery thereof. 

According to the preferred embodiment, the rota- 
tional power source is an engine for an automobile which 
has an air conditioning apparatus with a refrigerant com- 
pressor for executing a refrigerating cycle. The compres- 
sor can be of a clutchless type in which its displacement 
is continuously varied. The driven member is a drive " 
shaft of the compressor. That is. according to the other 
feature of the invention, there is provided an air condi- 
tioning apparatus for an automobile. 

The automobile is provided with an automobile 
engine. The air conditioning apparatus comprises a com- 
pressor for compressing a refrigerant gas. The compres- 
sor comprises means for compressing the refrigerant 
gas. and a drive shaft to move pistons. The air condition- 
ing apparatus further comprises a device for transmitting 
rotational power from the automobile engine to the drive 
shaft of the compressor. The rotational transmission 
device comprises a first rotating member provided for 
rotation in a rotational direction about an axis, ^nid afsec- 
ond rotating member provided for rotation about the axis! 
The first rotating member is connected to the automobile *' 
engine and the second rotating member is Connected to 
the drive shaft of the compressor. A means for rotation- 
ally connecting the first and second rotation member is 
provided. The connecting means comprises at least one 
elastic member made of a rubber material; a first holder 
member for holding the elastic member from the radially 
outside of the elastic member; and a second hojder 
member for holding the elastic member from the racfisiHy 
inside of the elastic member. The first and second holder 
members are mounted to one of the first and secbnd 
rotating members: The f irst and secbnd holde? members 
radially cooperate with each other to drcumferer^aily 
hold the at least one elastic member durirfg ribrrhal Oper- 
ation to transmit the rotation. The first and second holder : 
members are disconnected by the deformation of the at 
least one elastic member when a relative rotation 
between the first and second rotating members ; occurs: 

According to another feature of the inventibhVthere 
is provided ah electro-magnetic clutch for trahsmiiftirvg 
rotational power from a rotational power source to a rota- 
tional driven member The clutch bbrViprises a f Irst rotat- 
ing member provided for rotation in a rotationai dirWSbri : 
about an'axis, and a second rotating member' provided 
for rotation about the axis" The first rotating merhbef is " 
connected to the rotational power source, and the sec-" 
ond rotating member is connected to'the rotational drrveh 
member. The first rotating member defines a friction sur- 
face. The clutch further comprises a means for generat- 
ing an electro-magnetic Attractive force, when elecfrically 
energized, on an armature arranged to face the friction 
surface of the first rotating member. The electro-mag- 
netic attractive force causes the armature to contact the 
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friction. surface of the first rotating member. A means for 
connecting the armature and second rotating member is 
provided. The connecting means comprises at least one 
elastic member; a holder member for circumferentially 
holding the at least one elastic member during, normal 5 
operation to transmit the rotation. The at least one elastic 
mernbef and the holder member being disconnected due 
to the deformation of the at ieast one elastic member 
whenV; relative rotation between the first arid second 
rotating members occurs, to . 

Recording to ihe preferred embodiment the holder 
m^mbercornprises a tirst hokler rnember for holding the 
at least one,elastic mernber : from the radialjy outside. of - 
the aft least one elastic. member; and a second holder: 
member for holding the at least one elastic member from is 
the.ra^ially outside of the at least one elastic member; 
and a second hpkier , member . for holding the elastic . 
member from the radially inside of the elastic member. 
The f irst holder member is mounted to the armature and 
the siecqnd holder member Js to 
rotating member! During norma) operation, the first and 
second holder -members radially cooperate wrth. each" 
other to circumferentially. hold the elastic member to 
transmit the rotation. The first and second holder menv 
bers-are disconnected by the deformation of the elastic ..25 
member when a relative rotation between the first and 
second rotating members occurs, 

According to the preferred ehibodiment, the armar 
ture^ebmprises a first armature in the form of a ring which .... 
is provided for rotation about the axis, and a second , 30 
armature in the form of a ring, .which has a radius smaller 
than ^at of the first armaiure and js provided for rotation .. 
about the axis. The first armature is movable in the axial 
directipn between a connecting position where the first 
armature engages the first rotating member and a dis 35 
connectingpositiph where the first armature is separated 
from ihe first rotating member by a first gap therebe- 
tween. Tfie s^nd arrroture is : movable in the axial V 
direcbon between a connecting position where the sec- 
ond armature engages the second rotating member and ' 40 
a di^nnecting position where the second armature is , 
separated from the second rotating member by a second 
gap K th^r^^een. TTiesj^n^g^ is^ 
gap. Therefore the first armature contacts the friction 
surfape before the second armature, which reduces a 45 
fluctuation in torque when the armatures engage the fric 
tion surface 

BRIEF DESCRIPTION OF THE DRAWINGS "'. 

r These and other objects and advantages and forther 
de^crjptibn will nm be discussed I in porinection.witti the 
drawng^ hi which V 

Figure l-jsaj^iats r 'ss 
rriitting rdtatioriai power ac^rding to the first embod- 
: iment of toe invention in which the device is mounted 
[ to a rrive sh^^ \ 



Figure 2 is a front view of the device of Figure 1 in 
which the device is removed from the drive shaft of 
the compressor. 

Figure 3 illustrates a system diagram of devices.on 
an automobile engine to which the device of the 
invention is applied. . 

Figure 4 is a longitudinal section of the compressor 
of clutchless type which can vary its displacement 
continuously. 

Figure 5 is a section similar to Figure 4 in which the 
displacement is reduced to substantially zero. 
Figure 6 is an enlarged illustration of the elastic 
member and the holder member according to the 
first embodiment of the invention. 
Figure 7 is anillustration similar to Figure 6 in which 
the elastic member is deformed. 
Figure 8 is an illustration similar to Figure 6 in which 
the elastic member is released from the holder mem- 
ber. _ 
Figure 9 illustrates the characteristics of the torque 
fluctuation absorption according to the invention. „ 
Figure 10 is an illustration similar to Figure 2 and is 
a front view a rotational power transmission device 
according to the second embodiment. . 
Figure 1 1 is an illustration similar to Figure 1 and is 
a partial section of a rotational power transmission 
device according to the third embodiment 
Figure 12 is an illustration similar to Figure 2 and is 
a front view a rotational power transmission device 
according.to the third embodiment. 
Figure 13 is an illustration similar to Figure 2 and is 
a front view a rotational power transmission device 
according to the fourth embodiment. 
Figure 14 is an illustration similar to Figure 1 and is 
a partial section of a rotational power transmission 
device according to the fourth embodiment. . ... 
Figure 15 is a front view of the second holder mem- 
ber according to the fourth embodiment. , : 
Figure 16 is a side section of the : second holder 
member of Figure 1 5 along lines C-O-C. 
Figure 17 is a front view of the elastic member 
according to the fourth embodiment. 
Figure 18 is an illustration similar to Figure 2 and is 
a front vies a rotational power transmission device 
according to the fifto embodiment ,,. 
Figure 19 is an illustration similar to Figure 1 and is 
a section of a rotational power transmission device 

, according to the fifth embodiment 
Figure 20 is a front view of the elastic member 
according to the sixth embodiment. 
Figure 21 is an illustration similar to Figure 1 and is 
a partiaj section of a rotational power transmission 
device with an electro-magnetic clutch according to 

./the seventh embodiment 
Figure 22 is an illustration similar. to Figure 2 and is 
a front view a rotational power transmission device 
with an electro-magnetic dutch according to the sev- 
enth embodiment 
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Figure 23 is an enlarged illustration, similar to Figure 
6. of the elastic member and the holder member 
according to the seventh embodiment of the inven- 
tion;- . . • • 

-Rgure~241s an illustration similar 7 to Figure 23 in 
which the first holder member and the Elastic rriem- 
berrdtate relative to the second holder member; and 

"tKef elastic member is deformed; 
Figure 25 is an illustration similar to' Figure 23 in 
which the first holder member and the elastic mem- 
ber rotete to be disengaged from the second holder 

-member/ ; w ~-\. ;.->;»•■: • - - . 

Figure* 26 is ah illustration similar to Rgure'2 and is 
a front view a rotational power transmission device 
with an electro-magnetic clutch -according' to the 
eighth embodiment: - " ■*""-.-t .v»-x-.- 
Rgure : 27 is an illustration similar to Figure 2 and is 
a front view a ' rotational power trahsmissioh device 
with an electro-magnetic dutch according to' the 

"ninth err^ :v ! c - -»-v 

Figure 28is an i!luitaa8bri&m^ 
patrtiail section of a rotational powisr -transmission 

r device withah dedro-magnefic -dutch^ccora'ing to 
the ninth errtf^iment ! - - c>: '• ;: 
Rgiire 29 \i an Enlarged section of a rotational 

f power traVismission device with an electro-magnetic 
clutch in Figure 28. ' : 

-Rgtire 30 is an illustration amilar tb Figure 1 ahcf is 

"a : partiarsecti6h-bf a rotational powertfanOTii^ibn 
device with an 4fedrb-magnetic dutch I ai^rdihg to 
"the tenth embodiment. : - : 1 : ^ 5 - ^ 

"Figure 31 is an illustration amilar "to Figure 1 arid is 
a partial section of a rotatiohal power transmission 

1 device with an ^ectrb-rriaghetic dutch ' accbifting to 
the tenth embodiment 

Rgurej32 : is Wtront vietf Witie elastic member 
accbrolngW 7 ;i f • : ; i 

Figure 33 : is a iront view iofthfc elastic member 
according to the eleventh embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 



MENTS 



-WitKrefef^ 
transmission devjce acobrdirig to the f i^ern^'imiBrWol 
the ! invehtion ; is' illustrated The rotational power trans- 
rni^bn'device comprises ja pulley 1 for receiving | driviiig 
power from a rotation^ power ''^ourra/^cixai^^te 
automobile engine (hot ^own): the pulley i 'has rim 1 a 
with V-shaped grooves' directed to eng^^e r V^sriapkl 
belfe^s^Figtird 3)! : f- ™™™ - * ] ± 

^f^tfurer3". a oVivel Wy^erh for devices ori'me"iauto- 
mobile : engiriels fliu^trai^d^asan ^mpfe^e'sysfem 
comprises a aank pulley 14 'which i^cohn^^^o'the 
crank ^aft W-th 
pow^^urcei^r^ 

the crank puiley 14 via a watfer pumppu a wkter 

pump in a cooling system for the engine! 1 %ri r^emator 
pulley 1 7 of an alternator for charging a battery, a hydrau- 



lic pump pulley 1 8 of a hydraulic pump for a power steer- 
ing system, and the pulley 1. Tension pulleys 19, 20 and 
21 are provided for applying a tension to the belts 15. 
Referring to Rgure 1 and 2 again; the pulley 1 is cqn-\ 

5 nected to a rotor 4 by an appropriate connecting method 
such as welding. The rotor 4 is formed in to a double-ring 
shape and includes an end wall 4a which connects the 
outer ring and inner ring to each other. The rotor 4 is rota- 
tionally mounted to a cylindrical support 200a of a driven 

w device such as a refrigerant compressor 2 which; is 
adapted for use in a refrigerating system for an air con- 
ditioning apparatus of an automobile, through a bearing : 
3. The cylindrical support 202a outwardly extends from 
a front flange 202 of the compressor 2 along an axis O 

is of the compressor. 

With reference to Rgure 4. an example of thV com- 
pressor 2 is shown, which is a variable displacement typ£ 
compressor. The compressor 2 comprises a housing 
200, front and rear flanges 202 and 204 which are 

20 attached to the respective ends of the housing 200 by a 
plurality of bolts 238.; and a drive shaft 208. The housing 
200 includes a plurality of cylinder bores 222 arranged 
in parallel around the drive shaft 208 which has a spline 
portion 208a at one end thereof, and a central' swash 

25 plate chamber 236. In the cylinder bores 222; double- 
headed pistons 206 are slidably provided for reciproca- 
tion. The inner surface of the cylinder bores 222 and i the 
end faces of the double-headed pistons 206 fbrm com- 
pression chambers 240 in which a refrigerant gas is cdm- 

30 pressed. 

The front flange 202 includes a discharge chamber 
226 and a suction chamber 228. The rear flange 204 
includes a discharge chamber 230 and an actuator 
chamber 231. in the actuator chamber 231, a plunger 

35 248 is provided and is slidabje in the axial diredtion! The 
plunger 284 separates the actuator chamber 231 Into > a 
suction chamber 250 and a control chambeF252! f the 
suction chambers 228 and 25G in the' frdnt Jand relr 
flanges 202 and 204 are fluidly connected to ah'evd^o- 

40 rator 270 through a laterally ©derided inlet port £32 :Wnij 
inlet passages 234a and 234b. The discharge charrbers 
226 and 230 in the front and rear flanges 1 202 arid 204 
are f luidly conneded to a condenser 272i'through a : lat- 
erally extended outlet port 242 and outlet passages (not 

45 shown) irf the housing 200. The condenser £72iantf the 
evaporator 270 are connected to each other through Tain 
expansion valve 274. The compressor 2, the condenser 
270, the expansion valve 275 and the. evaporator 270, 
provide a refrigerating system for an air cbriditioner 

so adapted for use in an automobile. 

The drive shaft 208 extends through me housing 
20£, and is rotationally mounted to the housing ? 200 at" 
the each end thereof by bearings 21 0 and 21 2. The drive 
shaft 208 has a flat portion 214 in the form of a plate. 

55 The flat portion 21 4 indudes an inciin^ slot 220a ^i^ 
extends through the flat portion 214/ : 

The swash plate 2 1 6 is mounted on the drive shaft 
208 by a spherical support 218 so that the angle between 
the swash plate 216 and the drive shaft 208 can be 



6 



9 



EP 0 702 167 A1 



10 



changed. The spherical support 21 8 is slidable along the 
drive shaft 208. The swash plate 216 has a pair of arm 
portions 216a (one is removed in the drawings) which 
are diametrica[ly separated by a distance substantially 
equal to the Width of the flat portion 214 and extend in 5 
parallel planes. The swash plate 216 is arranged so that, 
the arm 'pprtiorts 21 6a contact either side of the flat por- 
tion214. Thefttsrtrye engagement between the flat por- 
tion^! 4 and the arm portions 21 6a rotates the .swash 
plate 21 6 with the drive shaft 208. A pin 220 is connected " 10 
to the arm portions 2 1 6a [ and exterids between the arm" 
porfibns 216a through the slot 220a. The movement of 
the pin 220 wrthin the sldt results in the change of the 
angje^ 

The swash plate .216. engages the double-headed 15 
pistons 206 through shoes 224 socketed in the respec- 
tive pistons 206. The rotation, of the drive shaft 208 and 
the swash plate 216 causes reciprocation of the double-, 
headed pistons 206. the pressure in the compression , 
chambers 240 wrthin which the pistons 206 move toward 20 
the bottom dead ends is reduced,, whereby the refriger- ^ 
ant, gas is introduced into the. compression chambers, 
form the corres^nding suction chambers in the. front . 
and rear 'flanges 202 and 204 through inlet valves 244 
which are provided between the compression chambers 25 
and the suction. chambers. On the.other hand, the pres-. . 
sure, in the compression chambers wrthin which the pis- 
tons. ^06 move, toward the top dead ends is increased. , 
whereby ^e ref rigerant gas is discharged from the com- 
pression ctamb^s to the corresponding discharge -30 
charnbers 226 in the front and rear flanges 202 and 204 
through outlet valves 246 which are provided between 
the compression chambers and the discharge. cham- 
bers. : . 

, The rear flange 204 further includes a valve cham-. : 35 
ber 254 which isf fuidjy connected to the dscharge cham- 
ber ^ 2?0 through a passage 256. to the control chamber '.. 
24$ through^ passage 258, and to the suction chamber 
250 through a passage 260. Within the ^ valve chamber . . . ! 
254, a valve e jement 264 is slidably provided: The valve 40 
element ?64^i$ ^ connected to an e^lectriwUctuator 262. v 
In order to control the pressure in the control chan^^ 
252,. the valve element 264 moves' to switch the commu- 
nication ; bejtween the passages 258 jand ,256." !.and. 
between the passages 258 and 260 The. plunger 248 45 
moves in. the axial directfon^due to the differential pres° 
sure between the suction diamber 250 and the control 
c^arrtjer 252. Tlie mpyemem 

in |ie m^enient of the spherical support 218 aloing the .... 

dri^^2p8;; "J. 1 ^ ; . ; ^ > 

^'tri^^^rt 218 V stopped, at' an axial position . 
where the reaction force on the pistons 206 and the dif 
ferential pj^ure be^ phamber 2$0 andl 

the^obntrS I charter' 2& are telanced. .When the supK r 
port 21B i^ak^^d^' shaft 208, for ^ example!, "ss 
to^e ngHt ^as '^own. in Figure .5/ the pin 220. moves in 
the slot 220a to change the angie'between the swash 
plate 216 and the drive shaft 208, which results' in the 
cKar]ge in the displacement of the compressor 2. In Fig- 



ure 5, the angle is increased, and the displacement is 
reduced since the stroke of the pistons 206 is reduced. 
The displacement can be reduced substantially to zero 
by making the swash plate 2 1 6 perpendicular to the drive 
shaft 208. 

Referring to Figures 1 and 2 again, a plurality of 
cylindrical connection members 7 (in this embodiment 
three members) are mounted on the outer face of the 
end wall 4a by connecting pins 6. The connecting pins 6 
are fitted into through holes 4b in the end wall 4a r The 
connection members 7 are equally spaced along a circle 
X about the axis O. 

The connection members 7 are made of an elastic 
material, which can transfer a.torque and absorb a vari- 
ation on the torque, such as a rubber material of, prefer- 
ably, chlorinated butyl rubber, acrylonitrile-butadien 
rubber or ethylene-propylene rubber. 

A first hub 9 in.the form of a cylindrical member with 
a flange portion at the end thereof is connected to the 
drive shaft 208 of the. compressor 2. The first hub 9 
includes a spline portion 9d on the inner surface which - 
engages. the mating spline 208b. on the shaft, and. an 
peripheral abutting portion 9b which extends along the 
inner surface of the first hub 9. The inner end face of the 
abutting portion 9b abuts the end face, of the drive shaft 
208a through a shim 9c therebetween to adjust the axial 
position of the first hub 9. The first hub 9 is mounted to 
the drive shaft 208 by a bolt 10 which fastened Xo a 
threaded hole 208a iathe drive .shaft 208. Thus, the first.: 
hub rotates with the drive shaft 208. 

A second hub 1 1 in the form of a . ring is connected f. 
to the flange portion 9a of the first hub 9 by pins ..isL. 
Holder members 13, which have firsthand second arm 
portions 13a and 13Id. are secured on the .inner face of 
the second hub 1 1 by a suitabie method, such as.weld-_ 
ing. The first and second arm portions 13a. and. 13b 
extend substantially circumferentiaJly. The hold©; mem-., 
bers 13 are made of . a suitable, ferric metallic, material,, 
such as cold roiled steel SPCC. 

. Theiirst arm portions 13a have first ends toward the , 
rotational direction. R and second opposite ends. The f irst. . 
arm portions are equally spaced along a circje.about the 
axis to.hold the xyiindrical connection members 7 from 
the radially outside thereof. The second arm. portions 
13b have first ends toward the rotationaLdi rection Rand, 
second opposite ends. The second arm portions.1 3b are,, 
arranged along a circle about the axis to hold ^elastic . 
portions from the radially inside thereof. Fur^er. ^e s^v 
ond arm portions 13b are radially aligned to the re^>ec- , 
tive first arm portions 13a. to. positively^ ^ engage. ; ^e. 
respective connection members with the first ? arm . ppf-' . 
tions 13a. The first and second ends of the first : andsec^ 
ond arm portions 13a and. 13b define 'front and rear, 
openings 13c and ; 13W therebetween.. : J ' 

The distance L between the first ends of the first and 
second arm portions 13a and 13b is smaller than the 
diameter of the connection members 7 to hold the con-. . 
nectioh members 7 during the normal rotation. Thus, the . 
pulley 1 and the f irst and second hubs 9 and i 1 are con-. 
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nected by the holder members 1 3 holding the connecting 
members 7 when the pulley 1 rotates in the normal direct ~ 
tion R. On the other hand, the dimension ill between the 
second ends of the first and second arm portions 13a 
and 13b is longer than the diameter of the connection 5 
members 7 so that the connection members discon- 
nected from the holder members 13 can enter theholder 
members 13 again during the normal rotation through 
the rear openings 13d. . .r;^' . - . 

The functional operation of the first embcxjimerit will io 
be described. f : y " 

The rotation of the crank pulley 1 4 of the automobile 
engine is transmitted to the pulley 1 trough the belts 1 5 
(Figure 3). which results in the rotation of the rotor 4rThe 
connecting pins 6 and the connection- members 7 rotate 15 
with the rotor 4. The second hub 1 Vis rotated 'through' " 
the positive engagement between the donn^ction merrP 
bers 7 and the holder members' 13 : ^ihce the dimension 
L of the front bpbhings 1 3c of the holder- members 13 is 1 
smaller than the diameteKof the conhection members7. 20 
Thus, the drive shaft 208 of the conipressbr 2 isrotated 
by the rotating pulley i through theVbtor 4, th^ connect- : 
ing pins 6;'the : cohnectidn members : 7; the holder m^m- : 
bers 13. the second'hub l l arid the i first Hub 9. ; * l?< J: 

During ihenormal operation of the compressor 2\ a 1 25 
torque, in general about 20 Nm; about the drive shaft 208 
is applied to the conhectioh^members 7. The torqub "drr 
the connecting members 7 deforms them bs shown in 
Figure 6. In Figure 6; the ihbp® of lhe a)'nhe^oh ; mem- 
bers 7 on which no torque : abbut the drive 1 shbft 208 is 30 
applied is shown by a broken line. However, the defor- 
mation of the connection members 7 bahhbt disconnect 
the connection members 7 and the holder members '13. 
In other word, the dimension of the front openings 13b is 
selected so' that the holder mernbersi 3 db not release 35 
the^rinebtion members 7 by the defbrmatibh.' There^ 
fore, the deformati on does not impklrihe dhsmis^ph of 
the rotation from the pulley 1 to the dnve shaft 208 * 

Further, the elastic connect^ 
absorb % ilu'ctuaitibri • W torque/ Figure; 9 OlUistrates 'the <o 
effect of the ab^rpticwofto^orque fluctoatidri 'by the c 
elastic connection members 7 fn comparison With the 
prior art in whl^ m 

pulley and a drive shaffof a corfpressbr in Figure 9; the 
horizontal ^ 2. and 45 

the vertical line is theli^f'arnplrtude of a fluctuation in ' 
the torque on the dnve^hbft 2b8~<frthb compressor 2 
The torque fluctuation in case of the elastic connection 
members 7 SrS used feshbwniiy curve hb1 r S ; 6blid I lifter 1 ' 
and the torque lluf&atibnin rtb ^^^M^^s^'^'^ 
curve U bf% brol<ehMine.' /fe^own in f^re 5 9^thepeak: ? ! 
of th¥twciueifiu^^ rotation? 
arri the valub of ^ 
tion, which resurts inthV^ 

conrprbs&r. 0 :r ' ,v '^^"'^^^ J ^ . 

^;VVim ! thednVe shaft 208js l^c^;dubto jfietailure ' 
in the cbrnpressor 2 such ^asseizihg^tiie d^rrhatibn df * 
the elastic connection riien&r£7 Witia.ea&ed sb r 'ftat : 
the connection members' 7 are r4ieasbd from the holder 



members 13 as shown in Figures 7 and 8. Thus, the pul- 
ley 1 and the drive shaft 208 are disconnected. 

However, the rotation of the pulley 1 does not stop 
which results in the connection members 7 entering the 
next hokier members 13. The. dimension of the rear 
openings 13d allow the .connection members 7 to aiter 
the holder members 13. Thus, the holder members 13 
capture the connection i members 7 agairi and the cap- 
ture and release of the cbmection members 7 is 
repeated. When the.failure is slight and the drive shaft 
208 is locked temporarily, the ^tured connection mem- 
bers 7 can transmit the rotation to thedrive shaft 8 again. 
Thus, the compressor 2 can operate again automatically. 
When a significant failure in the compressor 2 occurs and 
the drive shaft 208 is permanently locked, wear and tear 
on the connection members 7 completely separates the 
drive shaft 208 from the pulley 1. Thus, thelailure on the 
belts 15 or the other devices for the automobile engine 
is prevented: 

With reference to Figure 10. the second embodi- 
ment of the invention will be described: in the drawing 
and the following description, the elements similar to 
those of the first embodiment are indicated by the same 1 
reference numbers. ; • ' 

A rotational power transmission "device according to 
the second embodiment is substantially the same as in 
the first embodiment, except that, in the second embod- 
iment, the first and second arms 13a and 13b of the 
holder members 13 include extension portions 13eahd 
13f at the first ends. Rounded corners 13g and 13h are 
made between the first ends and the extension portions 
13g and 13h. The rounded corners 13g ahd 1 3h facilitate 
the exit of the elastic connection members 7 from the 
holder members 13 through the front openings 13c 
Thus, the wear and tear on the cohh^btion members 7 
are reduc^drPreferably/the extension portions 1 3e and 
1 3f are not connected to the second hub 1 1 and are com- 
pliant when the connection members 7 pass through the 
front openings i 3c. * : ' : " J 

~.^e operational function of the" rotation transmission, 
device according to the second embodiment is the same 
as in the first erri)^ 

With reference to Figures 11 and 12 the third 
err^bodiment^of the inyehtibn will be descnb&i In the 
dr^hgsV^;_(He fojl^ng'' d^1^pn/the ,: el^ente f 
simlf^ to those df the f irsi : eml^iment are indicated by 
the same ref^encie^mjrnteni ' 

I " Arotational power tra^ to 
the third erhbodimentis substantially the same at in thV 
first embodiment, except that* in the third embodiment, 
the connection 'n^mj^r^ : T'are mounted to the second 
hub 1i ^wtnile they in the first 

emt^imentMn the third embaJiment the holder mem- 
bers 13 mounted to the end wall 4a by a suitable manner 
such ^ weidihg^ T^<El\conhection members 7 are 
mounted to the se&rid hub 1 1 by connecting pins 6 fitted 
intb through holes ih frb 'seborid hubs 1 1 . " 

in the third errix^irhent. the rotation is transmitted 
from the holder mariber^ 13 to the connection members 
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7. Therefore, the distance L of the front openings 13c is 
longer than the diameter of the connection members 7, 
and the distance LL of the rear openings 13d is. smaller 
than the djameter of. the connection members 7. 

The operational function of the rotation transmission 5 
device according to the third embodiment is substantially 
the same as in.the first ernbodiment.. except thatin the., 
third errfcpdiment the connection members . 7 pass 
through .trie rear opening,, that is the opening between 
the second ends of the first and second arm portions, to 10 
disconnect the engagement between' the connection 
members and the holder.members when a torque about 
the drive shaft 208 exceeds a priedetermined level, 

. With reference, to Figures .13 to 17, the fourth , 
embodiment of the invention, will be described. In the .". is 
drawings and the following, description,, the elements 
simijac to those of the firsf. embodiment are indicated by 
the same reference numbers. .. '.. " 

~ .In figure 14, me pulley, Ijs secured to the rotor. 4,by 
welding. The rotor 4 is formed into a ring shape while the 20 
rotpr. 4 is. formed into a double-ring shape in the first 
emb^iment (Figure ,1). The firet hub ,9 is .connected to 
the.£riye shaft 208 through the spline connection. The 
second hub .11 is secured to the first hub 9 by rivets 1 2, 

In thj$ .emb^imerrti. the second hub .11 includes a 25 
cylindrical.wali 50. which provides a f irst holder member. 
alpng!the periphery (Figure 14). The wall 50 includes a 
plurality of outwardly convex ^arxj corrcaye portions 50a 
arid 50b alternately arranged along the periphery of the 
second hub 1 1 (Figure 13). The convex and concave por- 30 
tion^proyide an engagement force 'in the peripheral 
direction. 

,A holder member 52, which provides a second 
holder member. substantial(y in the form of. a ring is pro- 
vided to hoid an ..el^tic r ^nnection , member 54.. The 35 
holder member 52 also includes a plurality of outwardly 
convex and concave poriions 52a and 52b alternatively 
arranged along its periphery. The holder member ^.fur- 
ther includes clamping portions 52c for holding the con- 
nection member 54 and f iange portOTS : 52d. AS i shown 40 
in Figure 16, toe cjamping portions i 52c ^substantially 
haye an L shape section vyfiich includes an axial.poriion 
and radial portion Thefjange portions 52d also substan- 
tially have an L shape section which includes an axial 
portion andradjaJ portion The axiQlportions.of the flange 45 
portipns 52d extend' longer than those of the clamping 
portions 52c The flange portions 52d include through 
holds. $2e irtoLwhbv '^^^.-56. are .fitted, to., mount the 
hqldeVm^r^ 

into anng, which includes a plurality of outwardjy convex 
arxf cohcav^ portions 54a' arid 54b alternatiyely 
arranged, along Jte periphery^ and made of an elastic 
material which can transfer a torque and absorb a vari- 
ation on fe^ 55 
chipr|ni^ed"bury1 [ rubber, M<^onj^\\^^\Bn rubber or. 
etr^ene^rof^lene rubber. , V! ■ 

^ During a^^mbly, %e, <ranneriion member 54 is 
<terhped between the darrVHng portions 52c of the 



holder member 52 and the second hub 1 1 so that the 
outwardly convex and concave portions of the connec- 
tion member 54 are mated to those of the wall 50 of the 
second hub 1 1 and of the holder member 52. The radial 
portions of the clamping portions 52c prevent the con- 
nection member 54 from moving in the.axiai direction. 
The difference, in the axial length, between the.f Iange 
portions 52d and the clamping portions 52c of the holder 
member 52 allows the connection member 54 to be axi- 
ally separate from the outer end face of the pulley 1 . 
which reduces the contamination on the connection, 
member 54 due to the oil from the compressor 2. 

The thickness of the connection member 54 is 
slightly larger that the distance between the second hub 
1 1 and the clamping portions 52c of the holder member 
52. Thus, the connection member .54 is pressed there- 
between to ensure the engagement with the second hub 
1 l and the holder member 52 through the concave and 
convex portions. The positive engagement connects the 
holder member 52 to the second hub 1 1 . Thus, the rota- 
tion is transmitted from the pulley 1 .to the drive shaft 208 
of the compressor 2 through the holder member 52, the 
connection member 54, second.hub 1 1 and the first hub 
9 - 

The operational function of, the fourth embodiment 
will be described. 

The rotation of the crank pulley 14 (Figure 3) of the 
automobile engine is transmitted to the pulley 1 through 
the belts 15 (Figure 3). The second hub. 11 is rotated 
through the positive engagement betweenthe connec- 
tion member 54 and the holder members 52. and the- 
connection member 54 and the wall 50 of the second ." 
hub 1 1 . Thus, the drive shaft 208 of the compressor 2 is 
rotated by the rotating pulley 1 through the holder menv 
ber 52. the connection member 54 and the wall 50 of the 
second hub 11. . . 

During trie normal operation of the compressor 2, r a , 
torque, in general about 20 Nm, abouj the drive shaft 208, 
is applied tp the connection. member.52 as the same in 
the f irst embodiment The elastic connection member 54 ; , 
can absorb a fluctuation in the torque (referjo Figure^ 
When the drive shaft 208 is locked due. to the failure of 
the compressor 2 such as seizing, the elastic connections- 
member 54 deforms to disconnect the positive engage^ 
ment by the convex and concave portions of the . connect . 
tion member 54, of the holder member 52 and the wail. 
50 of the second hub 11. . 

. However, the rotation of the!pulley.1 does not stop, 
which results, in' the connection member 54 engaging; 
again. When the failure is slight and tiie drive shaft 208 • 
is locked temporarily, the engaged connection member. 
54 can. transmit the rotation to. the drive shaft 208.Thus, 
the compressor 2 can^operate L again automatically. When f 
a significant failure occurs in the compressor 2 arid the 
drive shaft 208 is permanently lock^ f ~tte wear and tear, 
on the connection members.7 completely separates the 
drive shaft 208 from the pulley 1 . " v 

With reference to Figures 1 8 and 1 9, the fifth embod- 
iment of the invention will be described. In the drawing 
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and the following description, the elements similar to 
those of the first embodiment are indicated by the same 
reference numbers! 

A rotational power transmission device according to 
the fifth ehTbodiment is substantially the same as in the s 
fourth embodiment, except that, in the fifth embodiment 
the second hub 1 1 includes a plurality of recessed por- 
tions 60sl 

In this embodiment, the second hub 1 1 includes a 
cylindrical wall 60 which extends along the periphery, w 
The wall 60 includes a plurality 6f outwardly convex and 
concave portions 60a and 60b klternatively arranged 
along the periphery of the second hub 1 1 as in the fourth 
embodiment ~ - 

A holder member 62, substantially in the form : of a is 
ring, is provided to hold an elastic connection member 
64. 1 The holder member 62 also includes a plurality of 
outwardly convex and concave portions 62a and 62b 
alternately arranged whichkre the^ame as in the fourth 
embodiment: The hbldermember 62 further includes 20 
clamping portions 62c for holding the connection mem- 
ber 64 and flange portions 62d 

The connection member 64 is substantially the 
same as in the fourth embodiment. That is, the connec- 
tion 1 member 64 is substantially formed into a ring, Which 25 
includes a plurality of outwardly convex and concave por- " 
tioris 64a and 64b alternately arranged along Its periph- 
ery, and made of an elastic material, which c£n transfer 
a torque and absorb a variation in the torque, such as a 
rubber "material, preferably, chlbrinated butyl rubber, 30 
acrytoriitrile-butadien rubber or ethylene-propylene rub- 
ber.^ - ; - - : -" 

During assembly, the connection member 64 is 
clamped between the holder member 62 and the secoiid 
hub 1 1 so that the outwardly convex and concave pbr- 35 
tions of the connection member 64 are mated to thos^ 
of the wall -60 of the second hub 1 1 and of the holder 
member 62. The radial portions bf the clamping pdrtibns 
62c present trie connection member 64 frbm rhdving ih 
the axial direction The difference of the axial length 40 
between the flange portions 62d and the clarhping por- 
tions 62c of the holder member 62 allows the connection 
member 64 to be axially separate from the outer end face 
of the pulley 1 , which reduces the contamination on the 
connection member 64 due to the oil from the (^mp7^ ^ 45 
sor ; 2; i *- • : 'i - no;: 

The thickness of the connection member 64' iis 
slightly larger that the distance bietweeh the second hub 
1 1 and the clamping portions 62c of the holder member 
62 Thus! the connection member 64 is pressed there- so 
between to ensure the engagement with the Second hub 
1 1 and the holder member 62 through tie concave and 
convex portions ' The positive engagement connects the 
hold&memb'^ iecohd I tiutf'l t: Thfe; thSrbta- ' 
tion is trahsmft£d frortfthe ^ :{j ss 
of the compressor 2 through the holder member 62j$ie 
connection member 64, second hub 1 V Sand the first hub 



The second hub 1 1 includes the recessed portions 
60c which protrude outwardly in the axial direction. Por- 
tions of the elastic connection member 64 enter the 
recessed portions 60c when the connection member 64 
deforms during assembling. - 

The elastic connection member 64 deforms during 
assembling due to the fastening oflhe bolt 10. The bolt 
1 0 is fastened to compensate the dimensional tolerance, 
ff the bolt 10 is excessively fastened; the elastic connec- 
tion member 64 deforms so that the elasticity thereof is 
reduced and the connection member 64 can not absorb 
a fluctuation in the lorque or cannot, disconnect the 
engagement; 1n this embodiments the portions of the 
deformed connection member 64 enter the recesses 60c 
to maintain the required elasticity. ; v '" r 

With reference to Figure 20, the sixth embodiment 
of the invention will Be described: In the drawing and the 
following description, the elements similar to those bf the 
first embodiment are indicated by the same reference 
numbers. r ■ : ■ - 

A rotationalpbwer transmission device according to 
the sixth embodiment is substantially the same as in the 
fifth embodiment, except that, in the sixth em^imeht 
the connection member 64 includes a plurality of bent 
portions 64c in the outwardly convex portions 64a. the 
bent portions 64c facilitate the elastic deformation of the 
connection member 64. The dimension and shape of the 
bent portions '64c are selected to obtain the dfeired 
torque which disconnects the positive engagement 
between the connection merhber 64 and the wall 60 of 
the second hub 1 1 , and between the connection member 
64 and the holder member 62. 

In the fourth to sixth embodiments, the convex and 
concave portions are provided on the wall 60 of the seer 
ond hub 11 and the holder member' However, the convex 
and concave portions can be provided on either the w^ll 
60 of the second hub 11 or the holder member In this 
case, the connection member 64 is fixed to the one which 
has no convex and concave portions byasurte&e man- 
ner such as adhesive ~ 

With reference to Figures 21 and 22, a rotational 
power transmission device according to the seyentfi 
emjx)diment of the invention is illustrated. The rotational 
power transmission device comprises a pulley 100 for" 
receiving dnving power from the rotational power sburce. 
fbrexample, an automobile engine {not Shown) That is, 
the pulley 100 has rim 100 with V-shaped grooves 
directed to engage V-shaped belts 1 5 (see Figure 3) r the 
belts 15 extend from the crank pulley 14 via the water 
pump pulley 16. the alternator pulley 17 the hydraulic 
pump pulley 18 and the pulley 100 as in the forgoing 
embodiments. *_ ^' 

the pulley 100 is connected to a rotor 104 by an 
appropriate connecting! method such as welding the 
rotor 104 is formed into a douWe-ring shape and includes 
an end wall 1 04a which connects the biiter ring arid inner 
ring Xo each other. The rotor 1 04 js rotatibnally mountiid 
to a c^rdhcai support 200a of the compressbr 2 trvough , 
a bekring 103. Tn this embodiment the compressor 2 is' 
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a variable displacement type compressor . which is 
described in the forgoing embodiment and shown in Fig- 
ure 4. However, the compressor 2 can be a non-variable 
displacement type such jas a vane type or scroll type 
cornpressor. 5 

, .. . A magnetic pole member .1 06 in the form of a double- 
ringshape is provided between the outer and inner ring 
of the rotor 104. The magnetic pole member.106 is made 
of ferric material, preferably a ferromagnetic material. An 
electromagnetic coil 1 07 is provided in the magnetic pole w 
member 1Q6. ; The coil 107 is electrically insulated from 
the magnetic pole member 1 06 and is. mounted to the. 
magnetic pole member 106 by an insulation 108 made 
of a resin material. The magnetic pqle member 106 is 
fixedly mounted to the front housing 202 of the compres 1 . is 
sqr 2 by a stay 109 and a snap ring 110. The end plate 
1 04a;of the rotor 1 04 incjudes concentric arc slots.1 04b 
and i 1 04c for magnetic .shlelclihg. 

The rotational power transmission device further 
comprises an armature 111 in the form of a ring. The . 20 
armature 1 1 1 is arranged to face to the end wall 104a of 
the rotor 104. The outer end face of the end wall 104a 
def ines a friction surface. The armature js made of ferric 
material, preferabiy a ferromagnetic material. The arma- 
ture 1 1 1 can move in the axial direction between a con- ., 25 
netting position where the surfaces of the end wall 104a 
and the armature 1 11 engage with each other, arid a dis- 
connecting position where the, surfaces are separated 
from each other. In particular, the arrfiature 1 1 1 moves 
to the connecting ^ifo^ 30 
to generate attractive force on the armature 1 1 i , and to 
the disconnecting position when the coil 107 is deener- 
gized. Further, frictibn members 104e are provided along 
the outer arc slots 1 04b to increase the friction force and 
the torque transmitted. , . 35 

The armature 111 includes a plurality of arc slots 
1 11a, in this iernbddiment three slots ^(Figure 22), which 
extend along a circle X about the axis O of the drive shaft 
208, for magnetic shielding. A plurality of pins 1 1 2 (in this 
errtodiment three pins) are provided on the outer sur- 40 
face of the armature 111 between the slots. The pins 1 12 
are fitted into bores 1 1 1b in the armature 111 Cylindrical 
connection members 113 are mdunted to the armature 
1 1 1 by fitting onto the pins 11 2 the pins 1 1 2 and the 
connection members 11 3 are. equally spaced along the 45 
circle X about the axis O t ' ! 

I : TOe; connfetibn members 1 1 3 kre made of an elastic 
material, which can franker a torque and absorb a vari- 
ation on the tqrque such as a rubber material, preferably 
chlqnnlted butyl rubber, acrylonitnle-butadien rubber or so 
ethylene^ropylene rubber as in the first "embodiment 

A hub 115, substantially iri the form of a cylindrical 
member, with a flange portion 1 15a is connected to the 
drive shaft 208 of the compressor 2. The" hub 115 
includes a spline portion 1 1 5b On the inner surface which 55 
engages the mating spline 208b on the drive shaft 208 
of the compressor 2, and an peripheral abutting portion 
1 15c which extends along the inner surface bf the hub .'. 
1 1S. The inner end face; of the abuttirig portion 1 15c 



abuts the end face of the drive shaft 208a through a shim 
therebetween to adjust the axial position of the-hub 1 15. 
The hub 1 15 is mounted to the drive shaft 208 by a bolt 
1 1 6 which is fastened to a threaded hole 208a in the drive 
shaft 208. Thus, the hub 1 15 rotates with the drive shaft 
208. 

First holder-members 1 18 are provided on the outer 
surface. of the armature 111. . Second holder members 
1 19 are provided on outer surface of the flange portion 
1 15a of the hub 1 15. The first and second holder mem- 
bers 1 1 8 and 1 1 9 are mounted to the respective surfaces 
by a suitable manner such as welding. The first and seer 
ond holder members 1 1 8 and 1 19 comprise f irst and sec- 
ond arm portions. The first and second holder members 
118 and 119 extend substantially drcumferentially. The 
holder members are made of a suitable ferric metallic 
material such as cold rolled steel SPCC. . 

The first holder members 1 1 8 have first ends toward 
the rotational direction R and second opposite ends. The 
first holder members are equally spaced along a circle 
about the axis to hold the cylindrical connection. mem- 
bers 113 from the radially outside thereof. The second 
holder members 1 1 9 have first ends toward the rotational 
direction R and second opposite ends. The second 
holder members 119 are arranged along a circle about, 
the axis to hold the elastic portions from the radially 
inside thereof. Further, the second holder members 1 1 9 .-. 
are radially aligned to the respective first holder mem- 
bers 1 18 to positively engage the respective connection 
members with the first holder members 1 18. The first and 
second ends of the first and second holder members 1 1 8 
and 1 19define front and rear openings 120 and 122 ther- 
ebetween. 

The distance L of the front opening 120 is smaller - 
than the diameter of the connection members 1 1 3 to hold 
the connection members 113 and to obtain, a positive . 
engagement between the connection members 1 1 3,ancL r 
the holder members 118 and .1 .1 9 during the normal rata- r 
tion. Thus, the armature 111 and the hub 115 are con- ' 
nected by the holder members 1 18 and 1.19-holding the 
connecting members 1 13 when the armature rotates in. , 
the normaj direction. Further, the pulley 1 00 is connected 
to the hub 115 when the coil 107 is energized and the, • 
armature 1.1 1 engages the outer surface of the end wall I 

io4a; 'rZ\ , 

On the other hand, the distance \L of the rear open Vl 
ings 122 is longer than the diameter.of the connection 
members 113 so that the connection, members. 113 - 
released from the holder members 118 and 119/can 
enter the holder members«again during the normal rota- 
tion. " ' ..... 

The functional operation of the seventh embodiment 
will be described. / 

When the compressor 2 is started, the coil 107 is , 
energized to generate aft-active force on fie Mature 
111. The armature 1 1 1 moves to the connecting position . 
to engage the outer surface of the end wall 104a At the 
time, the armature 1 1 1 applies a force against the mag- 
netic force due to the engagement between the first 
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holder members 1 18 and the connection members 113. 
The electromagnet must generate a magnetic force 
which will allow the armature to move against the force 
due to the engagement between the holder members 
and the connection members. s 

The rotation of the crank pulley 1 4 of the automobile 
engine is transmitted to the pulley 110 through the belts 
1 5 (Figure 3) / which results in the rotation of the rotor 
1 04: Thefiub 1 1 5 is rotated through the positive encjage- 
ment^between the* connection members 113 and the w 
holder members 1 18 and 1 iff Thus, the drive shaft 208 
of the compressor 2 is rotated by the rotating pulley 1 
through the engagement between the outef surface of 
the end wairi04a of the rotor 104, and the positive 
engagement between the connection members 1 1 3 and rs 
the holder members^ -118 and 119. 

During the normal operation of the compressor 2, a 
torque, in general about 20 Nm, about the'drive shaft 208 
is applied'to the ! connection members 1 13 The torque 
on the connecting members 1 13 deforms them as shown 20 
in Figure 23: In Figure 23, the shape of the connection 
members 1 13 oh which no torque isapplied is>hown by 
a broken line. However; the deformation of the connec- 
tion members 1 i 3 canhbt disconnect the connection 
members 1 13 and the holder members 1 18 and 1 iff Iri 25 : 
other word; the dimension L of the front openings 1 20 is 
selected so that the Holder members 1 1 8 and 1 1 9 do hot 
release the connection members 113 due to the defor- 
mation Therefore, the deformation does not impair the 
trarcmission'bftherotatioh ifrorh the puiiey i to ffie drive' 30 
shaft 208: iL : ' \ 1 " 

Further; the elastic connection members 113 can 
absorb a fluctuation in the torque as in the first embodi- 
ment/^ - - * - : 

When the drive shaft 208 is locked due to the failure' : 35 
of the OTmpre^br 2 such as seizing^ the cbrinetfiori 
members 113 and the first holder members 1 18 both of 
which are mounted on the armature 1 1 f rotate relative 
to the second holder members ii9 oh ft e^ hub 115 with 
the connection members 1 13 deforming as shown in Fig 40 
ure i24" Finally as shown in Figure 25, the connection 
members T13 are released f rom the second holder mem- 
bers" 11*9 to "disconnect the positive engagement 
between the connectioh merrbe?s ii3 r ahd the liblder " 
members 118 and 119. The wear and tear on the con- 4S~ 
nedicntner^ 

thrbugh third erttiodiment since the first holder members 
1 1 8 rnoye With the connection members 113 in the rbta 
tiohahJiredtioh: ;7r :r ^ : - r '- ~' : 5 " >: ^ ^ 

^ovi^eri'the tbtetion r bf the pulley 1 does h<rt stbp so 
which results in the connection members 113 and the ' 
first holder membeWi 18 rbtatihglfhe connection rhenv 
bers 113 and the first holder members 1 18 meet the next 
sebohd h^er^merttoers 119. ancfthe holder members 
1 18 and l * f 19 hbfcJihe cbhriebtioh terriers tW'ag^*;; ss 
The cHmer^ioh Li of tfie rear bf^ir^sR^^ the r 
(ttrtrieetiorV members i 13 to ehter between 'the hblder : 
mernbers tisind 119." T - ' '''' tl? ' ^ rr ~ 



When the failure is slight and the drive shaft 208 is 
locked temporarily, the held connection members 113 
can transmit the rotation to the drive shaft 208 again. 
Thus, the compressor 2 can operate again automatically. 
When a significant failure occurs in the compressor 2 and 
the drive shaft 208 is permanently locked, the hold and 
release of the connection members 1 13 are repeated to 
separate the drive shaft 208 from the pulley 1 . Thus, the 
failure on the belts 15 or the other devices forthe auto- T 
mobile engine is prevented. 

With references to Figure 26, the eighth embbdi.v 
ment of the invention will be described. In the drawing 
arid the following description, the elements similar to 
those of the seventh erribocfiment are indicated by the 
same reference numbers! 

A rotational power transmission device according to 
the eighth embodiment is substantially the same as in 
the seventh embodiment, except that; in the eighth 
embodiment, the holder members 118 and i 19 include 
extension portions 1 18b and 1 19b which are connected 
to the first ends of the first and second holder members 
118. Rounded corners 118a and 119a are made 
between the first ends and the extension j^ions T1^.' 
and 1 19b. The rounded corriers 1 i8a and 1 19a 4cilHate 
the exit of the elastic connection members 113 from the 
holder members 1 1 8 and 11 9 through the front openings 
1 20. Thus, the wear and tear on the connection members 
1 13* are further reduced. Preferably, the extension por- 
tions 118b and 119b are not connected tb the second 
hub 1 1 tb be compliant when the connection members 
7 pass through the front .'openings 120. ; 

The functional operation of the rotation transmission 
device according to the second embodiment is substari-.. 
tially the same as in the seventh embodiment * ' Vl ; * 

With reference to Figures 27 and 29. the ninth 
embodiment of the invention will be described. In the 
drawings and the following description.: the elements 
similar to those of the seventh embodiment are indicated 
by the same reference numbers. ~ '~ ' \ '\ ' 

A rotation transmission device according to the ninth 
embodiment is substantially the same as in the seventh 
embodiment, except that, in the ninth embodiment the 
armature includes an outer armature ring 130 and an" 
inner armature ring 132. and that the <x)hnec^pn me>ri : 
bers 134 have an elongated configuration. M , .r 7 • 

In the ninth embodiment the f irst holder m^nfeers 
1 18 are mounted on the outer armature ring 130. and 
the second holder members 119 are mounted ph the, 
flange portion 115a of the hub 115. trie^^cqnnectl^V 
members 134 ar0 formed into an elongated isr^e which',', 
has a section with a rectangular ['pcyrtion ai^jimriiM'^- ' 
cular portions ^t the ends of the rectangular portion! the 
radially outer portions of the connection members 134. 
are clamped by the first hoWer members 1 18 and ; tfie . 
outer armature ring 130. Pins 136 arejfitted irttb twesl 
132a in the inner iarmature/ing 132 to mount th e Con- 
nection member 134 to the inner' armature ring 132 
Thus, both the outer and inner armature rings 130 and 
1 32 are connected to the connection members 1 34. The 
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connection members 1 34 include first inner, surfaces 
which the outer armature ring 130 contacts and second 
inner surfaces which the outer.. armature, ring 132 con- 
tacts... JNf ijstand s^n^ inner surfaces are 
axial 'p^jiore.-',,!,' ..... _V .V'"" ' .'~ • ■ s 

. ;f The.g$p G1 ; between ^the outer armature; ring 130 
and the outer surface of the end wall 104a is less, than 
thet gap G2 between the inner armature ring 132 and,the 
outer $urfaogof the .end wail 104a. For example.-thegap 
G1 may be 0.3 mm, andihe gap-G2 may be 0.5 mm. The io 
difference of the axial positions of the first and second 
iraier surfaces of the connection members 134 .makes, 
the different.gaps G1 and G2. However, the gaps can be 
made so that the gap G2 is jess that the gap G1 

.. . When .the poi( 107 is energized, the outer and inner is 
armature ring 130 and 132 rnove to the connecting posi- 
tion with the conriectibh members 134 deforming., How- 
ever, the outer ring armature ring 130 contacts trie the 
outer surface of |he end wall 1 04a to transmit the torque . 
f rpirf the rotor 104 before the i nner armature . ring does 20 
since the ig^.Gijs than the. gap ..(^. . Thus, the 
torque is^transmjttecJ. by. the t^sta^es. which reduces 
the torque peak during the starting stage of the compres- 
sor 2 ^ . _ I ' ...... _ 

For example, during the normal, operation of the 25 
corjpressor 2. the torque on the drive shaft is about 20 
Nm However; in the prior art the torque increases to 45 
Nm at the starting stage of the compressor 2 The belts 
15 on the pulley : 1 00 would slip at trie torque of 75 Nm. 
Therefore, in the prior art, the rotational power transmis- 30 
sion device must be designed to disconnect the rotor 
from the drive shaft of the compressor within a torque 
range of 45 - 75 Nm. On the other hand, according to the 
ninth embodiment of the invention, jhe starting torque is 
reduced to about 30 Nm Therefore, according to this 35 
embodiment, the operational torque range of the rota- 
tional power transmission device is increased tp that of 
30 - 75Nm ^ " r "; ' ( './ f ^ ' \ ' ~ ^ ' 

The other functional operation of this embodiment is 
substantially the same as in the seventh embodiment. ao 

. . With reference to Figures 30 to 32, the tenth embod- 
iment ojWejnviehtipn will be described In the drawings 
and the^following description, the elements>imilar to 
those of the sevierrth err^ irxJicateti by the 

same reference numbers. 45 _ 

r Jn Figure 31 , a second holder merr^ 50 substan-, 
tiaily in^ttie form of a ring is concentrically mounted to the 
hubll Jfby rivets i50e. The rivets 150e are formed inte- 
grajly with the hub 1 l.l 5b. Jhe second holder member 1 50 
is made of a%n-magnetic material such as an aluminum 
ai^fhe^spcond folder member 150 includes a wall 
portion 1 50a extending along the periphery and ^damp- 
ing portion^ 1 50b pending r^dialjy^^^ the 
ehdjrt Jhi wall Jx^bn 150a The wall portion 150a 
ir&ude&a plurality of outwardly convex and concave por- 
c ariS' i50d alternatively arranig.<§d along the 
periphery of the second hpWer rrierrtier 1 50 (Figure 30). 

'A f irst holder memfc&1 52; substentialiy in the form 
°1 a jingl is mounted tb the armature 1 1 1 by rivets 1 11a 



which are formed integrally with the armature 1 1 1 . The 
first holder member 152 is made of a non-magnetic 
material such as an aluminum alloy. The first holder 
member 1 52 also includes a wall portion 1 52a extending 
along the periphery and a clamping portion 152b extend- 
ing radially inwardly from the end of the wall portion 1 52a. 
The wall portion 152a includes a plurality of outwardly 
convex and concave portions 152c and 152d alterna- 
tively arranged along its periphery (Figure 30). A con- 
nection member 154 is provided between the first and 
second holder members 1 52 and 1 50. 

The connection member 1 54 is substantially formed 
into a ring, includes a plurality of outwardly convex and 
concave portions 154a and 154b alternatively arranged 
along its periphery. The connection member 1 54 is made 
of an elastic material which can transfer a torque and. 
absorb a variation on the torque, such as a rubber mate- 
rial, preferably, chlorinated butyl rubber, acryionitrile- 
butadien rubber or ethylene-propylene rubber. 

. During assembly, the connection member 154 is 
clamped between the clamping portions 150b and 152b 
of the first and second holder members. 152 and 150 so, 
that the outwardly convex and concave portions of the 
connection member 154 are mated to those of the walls. 
150a and 152a of the first and second holder members 
152 and 150. . 

The thickness of the connection member 154 is 
slightly larger that the distance between the first and sec-. . 
ond hddermembers 152 and 150. Thus, the connection 
member 1 54 is pressed therebetween to ensure the pos- 
itive engagement with the first and second holder mem- 
bers 152 and 150 through the concave and convex 
portions. The positive engagement connects the first and 
second holder rnembers 152 and 150 through the con- : 
nectipn member 1.54. Thus, the rotation is transmitted 
from the pulley 1 00,to the drive shaft 208 of the compres- 
sor 2 through the first holder member 152. the connecr 
tion member 154, the second holder member 150 and 
the hub 115. 

The operational function of the tenth embodiment 
wijl be described. 

When the coil 1 07 is energized to start the compres- 
sor 2, the armature 1 1 1 moves to the connecting position 
to engage the outer surface of the end wall 104a. The 
rotation of the crank pulley 14 (Figure.3) of the automo- 
bile engine is transmitted to the pulley 1 through the belts 
1 5 (Figure 3). The hub 1 1 5 is rotated through the positive 
engagement between the connection member 154 and 
the first and second holder members 1 52 and 1 50. Thus, 
so _ the drive shaft 208 of the<cbmpressor 2 is rotated. 

During the normal operation of the compressor 2. a 
torque, in general about 20 Nm, about the drive shaft 208 
is applied onto trie connection member 1 54 as in the first 
embodiment. The elastic connection member 154 can 
ss. absorb a fluctuation in. the torque (refer to Figure 9). 
When the drive shaft 208 is locked due to. the failure of 
the compressor 2 such as seizing, the elastic connection 
member 1 54 deforms to disconnect the positive engage- 
ment between the convex and concave portions of first 
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arid second holder members 1 52 and 1 50 and of the con- 
nection member 154. *" 

Hwever, the rotation of the pulley 1 does not stopi 
which results in the raiThebtibH i member 1 54 engaging 
ag^jtf When the failure is siight and the drive shaft 208 s 
. is Ic^ed temporarily, the ^gagkd connection member! 
1^ can transmit the rotation to tfje drive shaft 208. Th u>. 
ttid compressor 2 can operate a§kih automatically. When 
a agnificant failure occurs ih the^mpressbr 2 and the 
drive shaft 208 is perniariehtlyjocked; the wear and tear w 
on the connection member 1 54 separate the drive shaft 
2bfffrbmtHe ; pull^y 11 1 . T ^ ' ryi - : r r: :; 

{ * ^ Wth'r^erehce to Figure 32 ; : the : eleventh embodi- 
ment of the invention will be described. In the draiwirig 
arid fte c following description; the elements similar to 1 is 
those d the seventh embodiment are iridicat^d by the 
same reference numbers. ; . • 

~ J A rotational power transmission device according to 
the eleventh emtxxiiment is substantially the same as iri 
the fifth erhbodiment, except that, in the eleventh embod- 20 
iment, the connecton member 164 includes a plurality 
of bent portions 1 64c in Hhe biitwardly convex portions 0 
1 64 a. ThSbent portions 1 64c facilitate the %Iaistic d€rfor- '"■ 
mation of the connection member 164 The dimension 
an^ shape of the bent portions 164c kre^sel^ed'to 25 
obtain the desired torque which disconnects the positive 
engagement between the connection member 164 and 
the first holder member 1 50 and between the connection 
member 164 and the second holder member 152 

In the tenth and eleventh embodiments, the convex 30 
and concave portions are provided on both the first arid 
second holder ifiemberi 1 50 £nd152. However, the con- 
vex and concave portions canbe providkl on either the 
first holder members 150 or the second holder member 
1 52 In this case, the connection member 164 is fixed to 35 
the one which has no convex and concave portions by a 
suitable mariner such as adhesive. w 

Cjaims 

' "' :!, " : " * ; : 40 

1. A device for transmitting rotational ; powerfroni a 
f rotational power source to a rotational driven mem- 
ber comprising /' - 
b "' ~ L / a first rotating member provided for rotation 
I' in a rptetional direction about an/axis, said first rotaK 45 
~ mg member being conned^ to ' isatf rotational 
~ power source, n ^ 1 ' 

^ 3 ., a second rotating menjtoer providiecT fer rota- 
tion about said axisr said second rotating member 
beirijj^nn&tedtbsa^ so 

"and second rotating memtier, said connecting 
'° means comprising^ " 3 ^ J T " ^ ^ 

atieast one elastic member, - ^ }ri ^ 
. a first holder member for holdings 55 
one' elastic member from'the radially outside of said 
aite^st one elastic member; ^nd ~\ ^ 

a second holder member for hbW^ skfc3 at 
least one Mastic member from me radikiTy inside oT 



said at least one elastic member, said first and sec- 
ond holder members being mounted to one of skid 
first and second rotating members; and 

said if irstarid second holder members radially 
cooperating with each other to circurnfer^aliy hSid 
said at least one elastic memberdurin^ normal oper- 
ation to transmit the rotation, and being discon- 
nected by the deformation of said at least one elastic" 
member when a relative rotation between the first 
and second rotating members occurs. - 

2. A device for transmitting rotational power according 
to claim 1 in which said at least one elastic member 
deformstb be released from at leastone of said first 
and second rotating members when si relative rota- 
tion between said first and second rotating members 
occurs. ■■" "'' * :v 

3. A device for transmrtting rotational power kccordihy 
to claim 1 " further comprising a plur^lrty of pins 
secured to said second or first rotating Member; 

said at least one elastic member comprising 
a plurality of cylindrical m^ 
are mounted to said second or first rotating member 
by fitting ionto said pins; - : . . 

said first holder member comprising a plural- 
ity of first arm members extending subsiantiaily cir- 
cumferentially ahid having first ends toward The. 
rotational direction and second opposite ends L said . 
first holder members being equally spaced~along a 
arcle about said axis to hold said at least one elastic 
member from the radially outside of said at least one 
elastic member ; and 

said second holder member ^ comprising a 
plurality of second arm members extending sub- 
stantially circumferentiaily and having first ends 
toward the rotational direction ^ Wi^ s^nd^bpj^te' 
ends, said second holder members being arranged 
along a circle about said axis to hold saidLat least 
one elastic mernber from the radially inside of skid 
at least one elastic member and radially aligned to 
said respective first arm members to positively 
engage said respective members with said first ami 
members. " " - ^ '' 

4. A device for'tfarisr^ 

to claim 3 in which said cylindrical members are 
mounted to said first rotational miember! " v ' ; : ? * 
said first ends of said first arid second arm 
members being separated by a distance smaljer 
than the diameter of said cylindrical members to pro- 
vide first openings, 

said second ends of said first and sec&rid arm 
members being separated by a distance longer tiian 
the diameter of said cylindrical members to ftfovfte 
second openings; and [J ! "/\ yr ' 
- said c^indrical meters b^ing ' fj^eased 
from sad aligned ^ 

through said first openings by an elastic deformation 



14 



25 



EP 0 702 167 A1 



26 



of said cylindrical members to disconnect said pos- 
itive engagements when a relative rotation between 
the first and second rotating members occurs. 

5. A device for transmitting rotational power according 5 
, <; |q claim 4 in which said first and second arm mem- 
bers include extension portions extending from said 

jiirst^nds while -forrrung .rourided corners : between 
. said f irst, ends and said, extension portions. 

6. r ,A device for-transmitting rotational power according 

to claim 3 in whi<^^said r cy|indricai I members are 
.. ^mounted to say second, rotational rnemberj .,■ 
•r. 5 . r , :£ - ... said tirstends>of said. first and -second; arm 
members being separated by.a distance longer than 75 
„. the diameter ot-satd,cyiipdrical members.to provide 

, .. ; $aid second ends of said first and second arm 
q .mei^ers',b^ing separated by a .distance 0 smalier 
^Jhaathe diameter of said cylindrical members to pro- 20 
^)T^es^prxJ.^enings;.ar^ v ; : l. u . \ , 
r . r: v r . a said, cylindrical, members, beipg., released 
...frora^idialig^ and.second, arm members 
through said, second openings by, an. elastic d.efor- 
.Vmatiqn. of ..said, cylindrical members .to disconnect 25 
said positive engagements when a relative rotation 
between the first and second rotating members 
occurs. , . 

7. "A device for transmitting rotational power according 30 

to claim 6 in which said first arid second arm mem- 
bers include extension portions extending from said 
second ' encls while forming rounded corners 
betweeh^said second ends and said extension por- 
tions.^ 35 

8. ' A device for transmitting rotational power according 
" id claim i ih wiiich said at least one elastic member 
. is ; aibstantially formed into a ring f V V ' 

r,^, s4!f! J"*! holder "member being substantially 40 
* form^ 'irrto a ring rnounted to ^d first rotating mienv 

ber to engage the outer periphery of said elastic 
^meTOer; Mnd //T' I'.l" . ' . T. V-TV ... ' *t. . 
*' J * v said Second holder member being substan- 

tially formed into a ring mounted to said second 45 

, rotating member to engage the inner periphery, of,. 

r said Elastic: member': 3 ' '* " ' ' ~' r ' 
onfi Jivi c.s* : ? c:..v, • . ir-vvjv: 

9. ' ^device tor tfansrnjttihg rotational power according 
^o^dam'.S in which at least said first arid second so 

bolder members include a peripheral shape to pro- 
vide an engagement force in said rotational direc- 

t tion;and _ ^ _ _ ; 

mer^^jndudes ja i>ef\'phiraV 
r ' &£pe i^jfe^Wtially cor^ie^entary to r ^kJ periph- 55 
^eVsij shap^ of sk&i at 'ie^stiflrsraTri £e&tid ..holder 
^rtieitfers to : pri^ide'a ^sitivW engagement; ftere- 
"jSetiweeh.^^;; ' r ' " * ^ " ' 



10. A device for transmitting rotational power according 
to claim 9 in which said. peripheral shapes are con- 
structed by a plurality of outwardly convex and con- 
cave portions alternatively arranged along at least 
the outer or inner periphery thereof. 

11. A device for transmitting rotational power according 
to claim 1 further comprising an electromagnetic 
dutch which comprises a magnetic pole member 
with a coil, said magnetic pole member being 
mounted to said first rotating member; 

an armature provided for rotation about said 
axis, said armature being movable. between con- 
necting position where said armature contacts said 
first rotating member and disconnecting position 
where said armature is separated from said first 
rotating member; . 

said first holder member being mounted to 
said, first rotating member through said armature; 
and 

said second holder member being mounted 
to said second rotating member. 

12. An air conditioning apparatus for an automobile 
which is provided with an. . automobile i engine! in 
which the apparatus comprises: " 

a . compressor for compressing a refrigerant 
gas. the compressor comprising means for com- 
. pressing said refrigerant gas. and a drive shaft to 
move pistons; 

a device for transmitting rotational power 
from the automobile engine to said drive shaft of said 
compressor, in which said rotational transmission 
device comprises: 

a first rotating member provided for rotation 
in a rotational direction about an axis, said first rotat- 
ing member, being operatiyely connected to said 
automobile engine; 

a second rotating member provided, for.rota- 
tion about said axis, said second rotating member 
being connected to said drive shaft of said compres- 

a means for rotatibnally connecting said first 
and second rotating member, said connecting 
means comprising: 

at least one elastic member; t . r . .17 

a first holder member for holding said at least 
one elastic member from the radially outside of said 
at ieast one elastic member; and r 

a second holder member for holding said at 
least one elastic member from the radially inside of 
said at least one elastic member, said. first arid sec- 
ond holder members being mounted to one of said 
f irst and second rotating members; and / 

'I said first and second hdder members radially 
cooperating with each other to arcumferentially hold 
said at I east one elastic member during nor ma! oper- 
ation to transmit the rotation, and being discon- 
nected by the deformation of said at least one elastic 
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member when a relative rotation between the first 
and second rotating members occurs. 

1 3. An electro-magnetic clutch for traramittihg rotational 
power from a rotational power source to a rotational 
driven member comprising: 

a first rotating member provided for rotation 
in a rbtaitional dir^ctibn'abdut an axis: said f ir§t rotat- 
ing member being* connected to said "rotational 
power source, said first rotating member defining a 
friction surface; '■5-\r.: 

a second rotating member provided for rota- 
tion about said axis, said second rbtSihg" member 
being conneded to said rotational driven merribW; 
,l ? m ?4°^ 9^ ©rating* <eW el^ro-magnetic 
attractive force when-el^iciaily^nelgized; " 5 

an armature arranged to face to said friction 
surface" of ^id first rotating' member; said electro- 
magnetic "attractive force causing the 7 kr rnatiiire to 
contact the friction surface of said first rotating mem- 
ber;aixr : ^ - >,;: " r " il ' :l< 

a means for connecting said armature and 
sea>nd rotating member, said connecting means 
comprising ' 

at least one elastic member, 

a holder member for drcumferieritially holding 
said at least one elastic member during normal oper- 
ation to trahismit the rotation; and i: - K 

said at least one elastic member arid said 
holder member being disconnected du£ to the defor- 
mation of said at least one elastic . member when a 
relative rotation between the first and second rotat- 
ing members occurs. 

14. ;Ari iejiectro-rnagneti for trar^rVw tiing Votational 
power according to claim 13 in which said at least 
one elastic member deforms to be released from at 
least one of said first arti seco^ 

when a relative rotation between said armature and 
said second rotating member occurs 

1 5. An el^ro-magnetic clutch for transmitting rotatiortal 
power according to daim 14 in which said holder 
member comjpnseiafirst holder member for holding 
said at least one elastic ^ernber fr^^'rSSaily 
outside of said at least one elastic member said first 
holder member being mounted to said armature , 

a second holder mernbier fer hbkJir^ "said at 
least one ejastic member ifem ^trfe ricfi^ylnSd^ of 
\ skid at least one elastic member, said second holder 
members being mounted to said second rotating 
member/arir ^ ; r * r t 

said first and second holder mern^rs raldially 
cooperatir^ 

^id^t leai^q^ hbTmal oper- 

ator! to transmit the rbtation" and being distbn- 
n^ited I by trie p^rvriaMdri of said Part li^tef dnd elastic 
member when a r^^e rota^ 
arid secottii6iktih$ memfii^ ooairs; " - :y " r ' 



1 6. An electro-magnetic clutch for transmitting rotational 
power according to claim 14 further .comprising a 
plurality of pins secured to said armature; 

said at least one elastic member comprising 

s a plurality of cylindrical members; which members 
are mounted to said armature by fitting onto said 
pins; -' ^ 

said first holder member comprising a plural- 
ity of first arm members extending Substantially cir- 

10 cumferentially and having first ends toward the 
rotational direction and second opposite ends, said 
first holder members being equally spaced along a 
circle abdut said axis to hold said at least one elastic 
member from the radially outside of said at least one 

15 elastic member; and -' v: 

said second holder member comprising a 
plurality of second arm members extending' Sub- 
stantially circumferentially and "having" first ends 
toward therotational direction and ^ikjbnd oppcisite 

20 ends,- said second holder menib^rs b^ing arranged 
along a circle about said axis to hold said af least 
one elastic member from the radially inside of said 
at least one elastic member, and raidi^lly lligned to 
said respective first arm ^ membeirs^lb positively 

25 engage said respective members wrth saidl i'rst arm 
members. r * i: " 5;, -- : ; " 

1 7. An electro-magnetic clutch for transmitting rotational 
power according to claim 1 6 in which said cylindrical 

30 members are mourited to said arrhature; 

said first ends of said first and second arm 
members being separated by a distarice srnailer 
than the diameter of said cylindrical members to pro- 
vide first openings; 

35 said second ends of said first and secorxi arm 

members being separated by a distance longer than 
the diameter of said cylindrical members to provide 
second operiings; and 

said cylindrical members b^P9 released 

40 from said aligned first and second arm members 
through said first openings by an elastic deformation 
of said cylindrical members to disconnect said pos- 
itive engagements when a relative rotation between 
^ the first and second rotating members occurs. . 

45 " ' " " T " ' / \ 

1 8. An electfb-magn^tic clutch for ^an^mrtting rotational 
power according to claim 17 in which said first and 
second arm, members incite (extension portions 
extending from said first ends while forming rounded 

so corners between said first ends and said extension 
portions 

1 9.. An electro-rragnetic clutch [for transr^ng rotational 
power according to claim r 16 in which said armature 
55 comprises a first armature in the form of a ring pro- 
vided for rotation i about said axis! said firsi ^anmature 
beir^ rnbvaWe in the axial direction between i a con- 
necting position where the first armature engages 
the first rotating member and a cfisconnecting posi- 



16 



29 



EPO 702 167 A1 



30 



tion where the first armature is separated from said 
first rotating member by a first gap therebetween; 

a second armature in the form of a ring, which 
has a radius smaller than that of said first armature, 
provided for rotation about said axis, said second 
armature being movable in the axial direction 
between a connecting position where the second 
armature engages the second rotating member and 
a disconnecting position where the second armature 
*s separated from said second rotating member by 
a second gap therebetween, the second gap being 
-wider than the first gap. 

20. tAn electro-magnetic clutch for transmitting rotational 
power according to claim 15 in which said at least 
one elastic member is substantially formed into a 
ring; 

said first holder member being substantially 
formed into a ring mounted to said armature to 
engage the outer periphery of said elastic member; 
and [ , 

said second holder member being substan- 
tially formed into a -ring mounted to said second' 
rotating member to engage the inner ^periphery of " 
said elastic member. . 



21. 



An electro-magnetic clutch for ; transmitting rotational, 
power according to claim 20 in which at least said 
first and second holder members include a periph- 
eral shape to provide an engagement force in said 
rotational direction; and! 

said elastic member .'includes a peripheral 
shape substantially complementary to said periph- 
eral shape of said at least first and second holder 
members to provide, a positive engagement there-, 
between. -J ? 



22. An electro-magnetic clutch fortrah^ittingrptationkl 
power according to daim21jn which said peripheral" 
shapes are constructed by a plurality of outwardly- 
convex and concave portions alternatively artarig&x 
along at least the outer or inner peripher^thereof r 

.... i • £jL&;:~i>. 

23. An air conditioning apparatus Ifor an autorhoT3ie~ 
which is provided with an automobile engine, in , 
which the apparatus comprises: . J Ul: 

a compressor for compressing a refrigerant 
gas, the compressor comprising means for coijv 
pressing said refrigerant gas, and arrive shaft'tb 
move pistons; 

an electro-magnetic clutch for transmitting 
rotational power from said automobile engine to said 
drive shaft of said compressor, in which said electro- 
magnetic dutch comprises: 

a first rotating member, provided for rotation 
in a rotational direction about an axis, said first rotat- 
ing member being connected to said automobile 
engine, said first rotating member defining a friction 
surface; 
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a second rotating member provided for rota- 
tion about said axis, said second rotating member 
being connected to said drive shaft of the compres- 
sor; 

a means for generating an electro-magnetic 
attractive force when electrically energized; 

an armature arranged to face to said friction 
surface of said first rotating member, said electro- 
magnetic attractive force causing the armature to 
contact the friction surface of said first rotating mem- 
ber; 

a means for connecting said armature and 
.secondjptating member, said connecting means 
comprising: 

at least one elastic member; 

a holder member for circumferentially holding 
said at least one elastic member during normal oper- 
ation to transmit the rotation; and 

said at least one elastic member and said 
holder member being disconnected due to the defor- 
mation of said at jeast one elastic member when a 
relative rotation between the first and second rotat- 
ing members occurs. 
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